The purpose of this review is to provide an overview of concepts recently presented in the literature that impact our understanding of transfusion related acute lung injury (TRALI) and transfusion associated circulatory overload (TACO), and how to distinguish between the two disorders.
Introduction
Transfusion reactions can be difficult to evaluate [1 ] . Determining the correct diagnosis is important because there are implications for the patient, the donor, and the other products associated with the involved donation [2 ] . Pulmonary transfusion reactions can be especially difficult to investigate. The differential diagnosis includes allergic/anaphylactic reactions, transfusion related acute lung injury (TRALI), transfusion associated circulatory overload (TACO), bacterial contamination, and hemolytic transfusion reaction [3 ] . Particularly troublesome is the scenario wherein the patient presents with acute respiratory distress due to pulmonary edema, and the transfusing physician suspects TRALI versus TACO [4 ] . The clinical features are similar, and there are no diagnostic tests that reliably discriminate. The fact that a patient could have both simultaneously only adds to the complexity [5 ,6,7 ]. Yet the therapy and management of the patient, and the implications for the donor of the two different reactions are completely different. This paper will review recent articles in the scientific literature relevant to diagnosing TRALI and TACO, and to distinguishing between them.
Transfusion associated circulatory overload
Despite the fact that circulatory overload has been a recognized complication of transfusion for decades, it still receives relatively little attention in the scientific literature [8] .
There is no universally agreed-upon definition for what constitutes TACO [9] . During or within several hours of transfusion, patients develop respiratory distress, and may develop orthopnea, cyanosis, tachycardia, and hypertension. Rales can be identified on auscultation, and some patients may have jugular venous distention, an S3 on cardiac auscultation, or lower extremity edema. A chest radiograph can reveal cardiomegaly and interstitial infiltrates, but not all patients with heart failure will have these abnormalities [10] .
TACO incidence estimates have ranged from one in approximately 3000 transfusions to 8% of transfusions depending upon patient population and reporting method [5 ,11] . In a recent retrospective review of 8902 transfusions in 1351 consecutive ICU patients, TACO was identified in one in 356 transfusions [12 ] . Patients at the highest risk for TACO include those younger than 3 and those older than 60 years of age, particularly those with underlying cardiac dysfunction [13] .
The pathogenesis of TACO is felt to be similar to other causes of acute congestive heart failure: an increase in central venous pressure and pulmonary blood volume causes an increase in hydrostatic pressure leading to fluid extravasation into the alveolar space [8] .
Treatment of TACO starts with discontinuing any ongoing transfusion. Respiratory distress is treated with the degree of respiratory support needed to maintain the patient's oxygenation. Diuretics are administered to remove excess fluid. It is common to infuse subsequent transfusions slowly, but no formal evidence exists that this is an effective intervention [9] .
Transfusion related acute lung injury
TRALI is acute lung injury (ALI) that occurs during or following transfusion. It has emerged as the leading cause of transfusion-related fatality reported to the United States Food and Drug Administration [14] .
Recently transfused patients present with respiratory distress, hypoxemia, rales on auscultation, and diffuse bilateral infiltrates on chest radiograph. The respiratory distress can be severe enough to require mechanical ventilation. Other features include hypotension, fever, and transient leukopenia. Treatment is with increasingly aggressive respiratory support depending on the degree of respiratory distress. Five to 25% of cases are fatal, but most patients fully recover within 3 days [15 ,16 ] .
TRALI results from neutrophil-mediated damage to the pulmonary microvasculature. The current proposed model is a 'two-hit hypothesis' wherein a primary stimulus causes neutrophil sequestration in the pulmonary capillaries, and a secondary stimulus causes the neutrophils to 'activate', damaging the endothelial layer such that fluid and protein leaks into the alveolar space [17 ] . Neutrophils can be first 'primed' and subsequently 'activated' by pro-inflammatory stimuli present either in patients with certain disease states, or infused with blood products.
Patient exposures that can lead to neutrophil priming include surgery, tissue injury, and infection. Pro-inflammatory stimuli that can be infused with blood products include neutrophil-specific or anti-human leukocyte antigen (HLA) antibodies, or bioactive lipids. The requirement for both priming and activation of neutrophils explains why a product from a donor with HLA antibodies may induce TRALI in a surgical patient, and cause no clinical reaction in a relatively healthy anemic patient, even if both patients are positive for the relevant cognate antigens. Neutrophil-specific antibodies appear to be capable of both priming and activating neutrophils, and can cause TRALI in even healthy recipients [17 ] .
In April of 2004, an international consensus conference was convened to develop a definition of TRALI [18] . Participants felt that a useful definition of ALI had already been proposed [19] , and they decided to use this as the basis for establishing the presence of ALI in candidate TRALI patients. ALI was defined as acute onset hypoxemia with bilateral infiltrates on chest radiograph, and with no evidence of circulatory overload [20] . Because patients with other risk factors for ALI often receive transfusions, they created a two-tiered definition: TRALI and possible TRALI. TRALI is ALI that occurs during or within 6 h of transfusion, and with no temporal relationship to an alternative risk factor for ALI (risk factors for ALI are summarized in [21] ). Possible TRALI is used when there is a clear temporal relationship to an alternative risk factor for ALI. An important limitation of this definition is that patients with circulatory overload cannot be defined as having ALI or TRALI.
Because a usable case definition was developed only recently, earlier estimates of the incidence of TRALI have varied widely [18] . The retrospective review referred to earlier [12 ] used the consensus conference definition of TRALI, and the investigators reported a TRALI incidence of one in 1271 units transfused, and a possible TRALI incidence of one in 534 units transfused. This is a higher incidence than that seen in other studies, but the authors point out that they investigated each transfusion event for the possibility of TRALI rather than depending on the typical passive reporting strategy. They conclude that their results suggest that TRALI is an underreported disorder.
The case definition presented above describes a clinical syndrome. Laboratory studies are available to investigate TRALI cases, but the participants in the conference felt they were not specific enough to be included in the definition [21] . The laboratory tests (testing donors for neutrophil and HLA antibodies, antigen typing recipients to demonstrate the presence of cognate antigen, performing donor-recipient leukocyte crossmatches, testing residual product for bioactive lipids) can be expensive, are not universally available, and are difficult to arrange [22 ] . While results are often not available in a clinically relevant timeframe for an individual case, they are very important for the evaluation of the eligibility of the implicated donor [16 ] , and are proving useful for efforts to identify and evaluate possible TRALI prevention interventions [23 ] .
The United Kingdom's Serious Hazards of Transfusion (SHOT) hemovigilance system was founded in 1996 as a 
TRALI versus TACO
While it is clear from the above discussion that our knowledge of TRALI and TACO is improving, it is still the case that distinguishing between the two can be quite difficult. There are features, however, that can help to discriminate (Table 1) . The typical patterns that would be expected for cases of transfusion related acute lung injury (TRALI) or transfusion associated circulatory overload (TACO) are represented. Readers are reminded that a given case of TRALI or TACO may lack some of the typical features. Also, a case of TRALI may have some features suggesting TACO or vice versa, and TRALI and TACO can be present together. The best strategy is to develop a full clinical profile of the case using the feature list above, and determine which diagnosis is most supported. BNP, brain natriuretic peptide; PA, pulmonary artery.
a patient with excess fluid intake pretransfusion [9] or significant diuresis postreaction [29] , TACO should be carefully considered. A normal fluid balance does not rule out TACO or rule in TRALI.
Cardiac function
Evidence of a new myocardial infarct can suggest that pulmonary edema may not be transfusion related.
Patients with known preceding congestive heart failure are at risk for TACO [3 ] . Systolic dysfunction identified on echocardiography is also suggestive of TACO [5 ], but does not rule out TRALI.
Pulmonary artery occlusion pressure can distinguish cardiogenic (greater than 18 mmHg) from noncardiogenic (18 mmHg or less) pulmonary edema [30] . There is much debate in the literature, however, concerning the utility of pulmonary artery catheters (PACs) [31 ,32 ] . A report from the Acute Respiratory Distress Syndrome Network (ARDSN) of a clinical trial comparing the utility of PAC monitoring versus central venous catheter (CVC) monitoring in patients with ALI found increased complications and no significant benefit to PAC over CVC [33 ] . As has been noted before in the literature [34] , the ARDSN found that some of their ALI patients had pulmonary artery occlusion pressures of greater than 18 mmHg, suggesting that one can not rely solely on PAC monitoring when trying to distinguish TRALI from TACO.
Elevated levels of brain natriuretic peptide (BNP) and n-terminal pro-brain natriuretic peptide (NT-proBNP) are established markers for congestive heart failure [35 ,36] . Investigators recently reported evidence that BNP levels can be used to distinguish between cardiogenic and noncardiogenic pulmonary edema in patients presenting with acute respiratory failure [37 ] . BNP levels were measure in 80 respiratory failure patients who also underwent PAC placement. BNP levels of 200 pg/ml or less were 91% specific for ALI, and BNP levels of 1200 pg/ml or greater were 92% specific for cardiogenic pulmonary edema.
Analogously, case reports have been published that suggest that elevated levels of BNP can imply TACO [29] , and normal levels of BNP can support a diagnosis of TRALI [38 ] . Zhou and colleagues [13] measured pretransfusion and posttransfusion BNP levels in 21 patients with suspected TACO and 19 transfused controls. BNP change was considered significant if the posttransfusion to pretransfusion ratio was 1.5 or greater, and the posttransfusion BNP was 100 pg/ml or greater. A significant change in BNP was 81% sensitive and 89% specific for TACO, and had a positive predictive value of 89% and a negative predictive value of 81%. While not conclusive, these papers suggest that BNP has a role in distinguishing TACO from TRALI.
Pulmonary edema fluid
With TACO the pulmonary edema fluid is a low-protein plasma filtrate, and with TRALI the pulmonary edema fluid is relatively high in plasma proteins. The edema fluid to serum protein ratio has been used clinically to suggest the presence of noncardiogenic edema (ratio 0.75) and therefore more likely TRALI [28 ] . The utility of this metric for distinguishing TRALI from TACO has not been evaluated in a formal experiment, and there are aspects to the technique (e.g., sample timing, can be used only in intubated patients) that limit its utility [5 ] .
Leukocyte antibody testing
Depending upon gender and pregnancy history, between seven and 25% of donors are positive for leukocyte antibodies [22 ] . Given the low incidence of TRALI, the majority of transfusions from leukocyte alloimmunized donors must be uneventful. Also, there are TRALI cases reported in the literature in which leukocyte antibodies were not detected [15 ,22 ] . These findings must be kept in mind when interpreting leukocyte antibody results. For example, one or more donors to a multiply transfused patient who is experiencing TACO could be positive for leukocyte antibodies, and these results would obscure rather than confirm the correct diagnosis. Despite these concerns, leukocyte antibody testing should be performed where possible for cases with a strong clinical suspicion of TRALI, and the test results can support the diagnosis. Demonstration of cognate antigen in the recipient, or crossmatch incompatibility between donor and recipient makes the case for TRALI even more credible [22 ] .
Overall profile
There is no one feature that discriminates TRALI and TACO. A true case of TRALI may have some of the features typical of TACO, and vice versa. The best strategy is to evaluate all of the features available from the above discussion (Table 1) , and determine which diagnosis best fits the scenario in question.
Conclusion
As our understanding of TRALI and TACO improves, it becomes clear that both are significant risks to transfusion recipients. Unfortunately, there is no single feature that distinguishes TRALI from TACO. Developing a thorough clinical profile including presenting signs and symptoms, fluid status, cardiac status including measurement of BNP, and leukocyte antibody testing is the best strategy currently available to distinguish the two disorders.
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